Using liquid chromatography (LC), a convenient and versatile method was developed for the assay of disinfectant products containing the commonly used phenolic agents, alone or in combination, including phenol, 2-phenylphenol, 4-t-amylphenol, 4-chloro-3,5-dimethylphenol (PCMX), 2-benzyl-4-chlorophenol, and triclosan. The procedure involves a simple dilution or dissolution of the product aliquot or portion followed by membrane filtration and LC. The method was applied to 19 different products representing 17 manufacturers and containing from one to 4 phenolic agents. Chromatography was performed using a Zorbax SB-C 18 column, acetonitrile-0.05M KH 2 PO 4 (55 + 45, v/v) pH 3.00, as mobile phase and UV detection at 280 nm. The intralaboratory precision of the product assays ranged form 0.34-5.35% (n = 5) and recoveries via fortification varied from 96.1-103.8%. The limits of quantitation (LOQ) and detection (LOD) ranged from 5.58´10 -5 to 2.50´10 -4 mg/mL and from 1.76´10 -5 to 0.67´10 -4 mg/mL, respectively, for the 6 analytes. The response for all analytes was observed to be linear for at least a 50-fold range in concentration (0.001-0.05 mg/mL). The proposed method provides an efficient means for the isolation and quantitation of these phenolic compounds.
T he phenols comprise one of the oldest and most widely used class of antimicrobial agents. The first effective use of phenol itself was recorded by Joseph Lister in 1867 to obtain sterile conditions in an operating room (1) . It was then known as carbolic acid due to the weakly acidic and corrosive nature of the chemical. Other phenolic agents (i.e., the cresols or methylphenols) obtained from creosote, a coal-tar by-product, and present as mixtures were used for many years as antiseptics and disinfectants. Today, there is a selected number of chemical agents derived from phenol that have been synthesized in pure form and are used in commercial formulations (2) . These agents are superior in efficacy, less toxic than the parent compound, and usually used as mixtures in liquid form.
In recent years, there has been increased concern regarding the effectiveness of biocidal agents, particularly related to the prevention of certain disease states including acquired immunodeficiency syndrome (AIDS) and tuberculosis and their transmission. Typical products containing mixtures of phenols have been shown to be effective as bactericidal, fungicidal, virucidal, and tuberculocidal agents when used as hard-surface disinfectants. Single ingredient formulations containing phenols have also found use in germicidal soaps, lotions, and aerosol sprays. Although there are suitable tests in the compendia (AOAC, EPA; 2) for the efficacy of phenolic disinfectants, there is a paucity of analytical methodology for these products used in the workplace.
Early methods for the analysis of phenolic mixtures derived from coal-tar were not specific and determined the total phenolic content. These wet chemical methods involved preliminary isolation by distillation (3) or liquid extraction, followed by titrimetry (4) or colorimetry (5) . The official AOAC method for phenol is based on a classical colorimetric approach first reported in 1930 (6) . More recent analytical applications for phenols have focused on chromatographic separation techniques. Many methods have been reported using gas-liquid chromatography (GLC) for the analysis of phenols as by-products of industrial waste (7, 8) and in workplace air (9) . This technique often requires the formation of volatile nonpolar derivatives of the phenols prior to chromatography. Thin-layer chromatography (TLC) has been used as a rapid means for the quantitative estimation of phenolic compounds in reference mixtures (10) , as residues in dairy products (11) , in drinking water (12) , and in disinfectants (13) . The application of liquid chromatography (LC) has been reported in conjunction with problems associated with water pollution (14) , workplace air (15) , in cosmetic formulations (16) , and plant-derived phenolics (17) . One recent method has been designed for the analysis of several disinfectant products each containing 2 phenolic agents (18) . Capillary zone electrophoresis (CZE) has been applied to the isolation of various chlorophenols (19) .
The primary goal of this work was the development of a validated analytical method for the rapid determination of the commonly used phenolic agents used in disinfectant products. The method described herein extends the application of LC to include aerosol sprays, concentrates, and liquid soap formulations containing phenolic agents as a single ingredient or in combination of up to 4 active compounds. safrole, ethanol, isopropanol, 2-butoxyethanol, and sodium lauryl sulfate. (g) Commercial products.-The disinfectant products used in this study were obtained through local hospital supply distributors or directly from the manufacturer.
Experimental

Apparatus
Standard Solutions
(a) Individual stock standard solutions.-Prepared in mobile phase for each of the 6 phenols at a concentration of 0.05 mg/mL, sonicated, if necessary, to aid dissolution, and stored at ambient temperature (23°± 2°C) in the dark. Working standard solutions for individual phenols or mixtures of phenols were prepared in mobile phase from the stock solutions in the concentration range of 0.004-0.02 mg/mL, depending on the labeled concentration of ingredient(s) in the product. These working standard solutions were prepared fresh on a weekly basis and stored at ambient temperature (23 ± 2°C) in the dark. 50 mL g.s. Erlenmeyer flask and an appropriate aliquot removed with a volumetric pipet or adjustable volume pipettor using the dilution protocol described below. (b) Concentrates.-The product was shaken well and a suitable volume transferred to a 250 mL g.s. Erlenmeyer flask. An appropriate aliquot was removed with a volumetric pipet (or "to-contain" pipet for viscous solutions) using the dilution protocol.
(c) Liquid soaps/lotions.-The product was shaken well and a portion accurately weighed into a 100 mL volumetric flask. Sixty milliliters of mobile phase was added and the mixture sonicated, if necessary, to disperse or dissolve the portion and the dilution protocol followed.
Dilution Protocol
(a) Single active ingredient formulations.-Using volumetric glassware, the product aliquot or weighed portion was diluted with mobile phase to provide an analyte concentration of 0.005 mg/mL. Products containing triclosan were diluted to a concentration of 0.01 mg/mL. A working standard solution was prepared at a similar concentration from the phenol stock solution A.
(b) Multiactive ingredient formulations.-Using volumetric glassware, the product aliquot or weighed portion was diluted with mobile phase to provide a concentration of 0.005 mg/mL for the phenolic agent having the lowest label concentration. The approximate concentrations for the remaining phenolics present in the diluted product was determined. A working standard mixture was prepared at similar concentrations from the individual phenol stock solutions A.
LC System Suitability
The system was allowed to equilibrate for at least 1 h prior to use. The response for a standard solution containing 2-phenylphenol at 0.005 mg/mL was adjusted to 60-80% full-scale within a retention time range of 7-8 min. The relative standard deviation (RSD) for 5 consecutive 20.0 µL injections of this solution based on peak height measurement was not more than 1.5%. The resolution (R) for a standard mixture containing PCMX (0.0125 mg/mL) and 2-phenylphenol (0.005 mg/mL) was not less than 1.5.
Determination
A suitable volume of the diluted product was passed through a 13 mm, 0.45 µm nylon syringe filter. The first 1 mL was discarded and 20.0 µL of the filtrate injected. Quantitation was performed using the external standard method by direct comparison of the response obtained (peak height measurement) to that for the individual working standard solution or mixture component in the case of multiactive ingredient formulations. Duplicate injections were used with a bracketing-injection se- quence. When assaying mixtures of the phenolic agents, integrator attenuation changes were programmed between the responses when necessary to provide on-scale peaks for each component using the relative responses shown in Figure 1 as a guide.
The concentration of the phenols was calculated on the wt/vol basis for all products except the liquid soaps and lotion (wt/wt basis). Alternatively, the assay values can be determined by weighing the initial aliquot taken or by applying the specific gravity of the product. A purity factor of 0.95 was used for the 2-benzyl-4-chlorophenol reference standard.
Recovery Study
Using a volumetric or adjustable volume pipetter, aliquots of selected products were combined with weighed quantities or aliquots of the stock solution A for each ingredient. The amount of ingredient added was equivalent to that present in the volume or weight of product taken in the assay. The mixture was diluted to twice the volume used in the nonfortified product assay and carried through the proposed procedure.
Results and Discussion
The assay results using the proposed LC procedure for the 6 phenolic agents are shown in Table 1 . The data represent 19 commercial disinfectant products consisting of 5 formulation types obtained from 17 sources. The labeled concentrations ranged from 0.02% 4-t-amylphenol in aerosol spray to 10.1% 2-phenylphenol in a liquid concentrate. Most of the products tested (79.0%) in the study provided an excess of the active ingredient(s). Product E, a 2-ingredient spray, was found devoid of 4-t-amylphenol. One spray product (J) contained almost twice the labeled concentration for each of the 3 phenols stated on the label. Reassay of this product on a second day exhibited similar values. It was necessary to assay this product without delay because it was observed to be chemically unstable following the initial dilution with mobile phase (i.e., 6.0 mL diluted to 50.0 mL). This solution also developed a pale yellow color that became darker upon standing. The assay values decreased substantially over a 24 h period (17.3-44.1% lower) in this dilution media, with 4-t-amylphenol found to be the most unstable species of the 3 ingredients. A unique feature of product J was that it was also labeled to contain both benzalkonium chloride and ethylbenzylalkonium chloride, each at a concentration of 0.042% and not known to be present in the remaining products. this study. The relative responses shown at the various concentrations obtained at the same detector sensitivity can be used to determine the attenuation changes required for multiactive ingredient formulations. An optimum detection wavelength of 280 nm was determined from the UV spectra obtained for each of the phenolic compounds prepared in mobile phase. Typical chromatographic profiles of a concentrate and spray formulation each containing 3 phenolic components are displayed as Figure 2 . In Figure 3 , a typical 2-component spray formulation and a 4-component spray formulation (Product K) are shown. The intralaboratory precision of the proposed procedure was evaluated from replicate determinations (n = 5) performed on the same day for each product. The RSD values shown in Table 1 ranged from 0.34-5.35%. The recovery of the phenols by single level fortification of the products was used to estimate the accuracy of the procedure. These determinations were performed simultaneously with the replicate analyses at levels equivalent to that in the aliquot or weighed portion taken. The recovery values are shown in Table 2 and ranged from 96.1-103.8% with a mean recovery for 30 determinations of 100.2%. Figure 4 provides a listing of the retention time of the compounds of interest with respect to structural features and shows the pronounced effect of aryl substitution at the R 1 position resulting in longer retention times. The data correlates with a relative decrease in polarity of these compounds. This trend is also related to a corresponding decrease in toxicity (2) .
Retention data for several related phenolic compounds and a number of formulation ingredients are shown in Table 3 . The paraben preservatives (i.e., the alkyl esters of p-hydroxybenzoic acid) are included in this listing because they are often present in liquid soaps and lotions containing triclosan or PCMX. Triclosan is usually formulated alone and to reduce the analysis time, it can be assayed by a modification of the proposed procedure using a mobile phase composition of acetonitrile-0.05M KH 2 PO 4 (65 + 35, v/v), pH 3.00. This change results in a retention for triclosan of about 12 min. Several LC methods have been reported for triclosan as a single ingredient. Gradient ion chromatography with conductometric and UV detection has been applied to a dentrifice product (20) and supercritical fluid extraction (SFE) followed by LC has been used to analyze deodorants and soaps (21) .
The estimated limits of quantitation (LOQ) and detection (LOD), linear concentration range, and correlation coefficients (r) for the 6 analytes are summarized in Table 4 . Analyte responses were linear over a 50-fold range in concentration (0.001-0.05 mg/mL). The LOQ values determined at a signal-to-noise ratio (S/N) of 10:1 ranged from 5.88 × 10 -5 to 2.50 × 10 -4 mg/mL and the LOD values at a S/N of 3:1 ranged from 1.76 × 10 -5 to 0.75 × 10 -4 mg/mL.
The proposed isocratic LC method was demonstrated to be applicable to a wide variety of phenolic disinfectant products. The procedure is relatively simple and exhibits excellent precision and accuracy considering the broad range in concentration for these analytes. It compares favorably with results obtained by others using this technique for phenolic compounds (16, 18, 21) .
